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I. INTRODUCTION

The HMMWV is a 1.25-ton payload vehicle designed to perforr multiple
mission roles for the Armed Services. This vehicle's range of function in-
cludes personnel carrier, cargo carrier, and weapons carrier, es well as an
ambulance conffguration. The version of the HMMWV used to model the included
target description is the M998 cargo carrier with canvas enclosure. As other
@odels, 1t is a 4 X L4, V-8 1iquid cooled, diesel engine with four wheel
hydraulic service brakes and a mechanical parking brake. The EMMWV, nicknamed
the Hummer, is intended to consolidate the light tactical vehicle fleet.

The Logistical and Tactical Targets Branch (LTTB), Vulnerability/Lethality
Division (VLD) of the U.S. Army Ballistic Research Laboratory (BRL) was tasked
in November, 1983 to perform a SPARCL (Sustainability Prediction for Army Spare
Components for Combat) analysis for the HMMWV. The data used by the SPARC code
is generated by the Geometrie Information for Targets-(GIFT)2 3 computer code.
This report documents the combinatorial geometry (Com—Geom) target deseription
data which is the input data for the GIFT code.

TIT. DISCUSSION

2.1 Tae Cor=Geom Method

‘fhe Com~Geom method was used to generate the geometric description data
of the EMMWV. Com-Geom 1s a method for synthesizing a three-dimensional
representation of an object for a computerized vulnerability analysis. The
Com-Geom data requires three tables to descrive an object: Solid, Region, and
Region Identification. The Solid Table cortains the basic building block
shapes and is formed by selecting from a set of elementary three dimensicnal
geometric figurés (solids) that are described mathematically in a right-handed
Cartesian coordinate system. Solid types that may be used along with their
respective code designations are listed in Table 1. A more detailed descrip-
tion of allowed Com~Gesi solid types may be found in Reference 2. '

1 J. Saccenti and B. Schumacher, "SPARC Analysts ' Methodology Handbook,"
ARBRL-TR-025€2, April 13&4.

2 Lawrence W, Bain, Mathew J. Reisinger, "The GIFT Code User Manual; Volwne I,
Introduction and Input Reguirements (U)," BRL Report No. 1802, July 1375.
(AD# BODEQZ?1)

Gary G. Kuehl, Lawrence W. Bain, Jr., Mathew J. Reiginger, "Uhe GIFT Code
User Manwai: Veolume II, The Output Options (U)," USA AR:ADCOM ARRRIL-TR-
02183, Sentamber 1378. (ADKH AC78364)




Table 1. Com-Geom Sclid Types
SYMBOL SOLID

ARB Arbitrary Convex Polyhedron
ARS Triangular Surfaced Polyhedron
BOX Box

ELL Ellipsoid

BAF Half Space :

RAW Right Angle Wedge

RCC Right Circular Cylinder

REC Right Elliptical Cylinder
RFP Rectangular Parsllelepiped
SPH Sphere

TEC Truncated Elliptical Cone
GC Truncated General Cone

TCR Torus

TRC Truncated Right Angled Cone

One or more solids or regions may bte combined in the Region Teble using
the set theory operations of uuion (sum), intersection and difference to

approximate the basic shape of an object.

. The operaticns used +0 combine solids are 1ilustrated by the *hree-
dimensional diagram showm in Figure 1. The two solid primitives A and B have

been combined in all possible ways to demonstrate the consequence of each

" operation. Resultant volumes are indicated at the tips of the four arrows.

Each region is assigned an item code number and is nominelly descrided in
the Region Identification Teble. The item code number is used to specify and
to differentiate the role each region plays in the target. Table 2 identifies
the type of component described for a given item code number.

Table 2. Item Codes Used in the HMMWV Descriptlon

1-99 P=rsonne1
100-199 Frame
200-299 Tuel System
360-399 Power Train
Loo-L99 Suspension
600-699 .  Steering System
TCO-799 Electrical Componernts
800~-899 Cooling System
900--999 Braking System

1000-1100 Engine and As;~ciated Componenfs
1200-1299 Body

- 1300-13%9 Air Intake
1L00-1499 Body Interior
17G0-1799 Hood
1800~1899 Canvas Covering




T T ey

Figure 1. Com=Geom Combination Operations
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A material code number and a volumetric percentage is also.included in
the description of each region. Thre volumetric percentage is obtained by
dividing the actual volume by the volume of the region as descrihed. The
effective density of a component as described is obtained ty multiplying the
density of the material by the percentage indicated. Table 3 identifies the
material code used in the Region Jdentification Table along with respective
material densities.

Table 3. Msterlal Codes and Densities Used in tiie HMMWV Description

Code Density (gm/cm®**3) Material
1 T.76L1  Steel, Mild
3 T.76L41 . Steel, Face-Hardened
5 2.7695 Aluminum, Mild
7 8.9007 Copper
8 10.9978 Lead
11 0.Thik Nylon, Unbonded
17 2.4653 ‘Bullet Resistant Glass
18 : 0.9356 Rubber
19 0.6500 Wood, Hard
22 0.7972 Fuel, Diesel
26 1.3200 Fiberglass
28 1.09%0 ' Personnel

2.2 Specific Approach to CcmGeom Modeling

Within the general framework and rules imposed by the Con—Geom modeling
retrod for describing targets, a number of decisions were made before beginning
the development of the HMMWV Com~Geom description. Initially, there was the
matter of choice of coordinate system origin, orientation, and units of measure
to be used. The origin was selected to be at the intersection of the center-
line of:the vehicle and the centerline of the rear axle. The following con-
vertions are used: the XY plane is horizodntal, the positive X axis extends
to the front of the vehicl: and the positive Y axis extends to the ieft (port)
side of the vehicle. The positive Z axis then extends in the vertical

irection to yield a right- handed coordinate system. The unit of measure in
this report is inches. '

The level of corplexity and detail must be determired so that the resulting
description is neitheér tco crude nor too detailed. The factors influencing
this decision are somewhat subjective, but in general,. the least complicated
description which will still be adequate for all intended applications is.
sought. An oversimplified description would be of little value to a user
because it tends to be insensitive tc changes in weapon or projectile input
data, and would probebly yield erroneous output information. The case against
too elaborate a description is excessive cost and time with little or no
increase in the accuracy of the vilnerability data derived through the use of
the description. In the HMMWV degcription, all corponents were described that
were identified ac having an effect on the vulnerability of the vehicle.

Until 1ecensly, data formulated using COM~GECM wtas done at the describer's
workstation vithout benefit of a real time graphics device to aid in visualizing

10




solid and regicn creation. New software now available at the BRL, the Grephics
Editor (GED),* has improved the description creation process significantly.
Using GED, a describer can see in real time the impact of object cresticn as
well as have the capability of editing solids, regions, or groups of ctlects
at a terminal station. This enhancement of the target description effurt
decreases the time requirements for description creation, along witk maxing
the effort more ralatable to the describer.

The Com~Geom data was gernerated from a set of enginéering draw’ngs,
Teyorts, and photogresphs supplied mostly by AM General Corporation, th: prime
contractor. .

2.3 Computer Terget Description

“A list of the Com-Geom description of the HMMWV msy be found 'in the
Appendix.

The completed Com-Geom description of the HMMWV was subjected to various
procedures which constitute the validation of the target description. There
are “hree main errors that may cccur in a Com-Geom target description: (1)
iavalid geometric data, (2) region overlaps or gaps, (3) region iraccuracies.
Invalid geometric input data (for example, invalid solid description data or
invalid solid combination operators) are routinely detected by internal
checke found during the GIFT input processing phase. Therefore, the Com—Geom
description of the HMMWV contairns no errcrs of this kind. Overlap 2rrors will
occur in the descrirtion whenever twc or more defined regions occupy the same
volume in excess of a prescribed tolerance. This tolerance is described in
terms of a maximum linear distance which any ray traced through the Com-Geom

description may travel within two or more regions at the same *time. Likewise,

there is & tolerance prescribed for gaps in the description where a rayexits
cne region before striking another. For the HMMWV descrittion, both of these
tolerances were set to .0l inches. The final descripticn has been checked
using a large number of rays closely spaced and aligned with the coordinate
axis, ard all gaps and cverlaps detected have been eliminated. However, since
it is not practical to trace enough rays through the description to be
absclutely certain that no such errors exist, there is a small crance that
some minor overlaps or gaps still exist.

The third kind of description error is much more difficult to detect,
because the GIFT subroutines cannot identify region inaccuracies directly.
Region inaccuracies usually result in misplaced or misshaped ccmponents; these
are detectable only through careful exsmination of ray tracing data or pictures
produced using GIFT graphics subroutines. Pictures of the target readily
indicate major descrirption inazcuracies. These inaccuracies have been elimi-
nated, and the final target description appears to conform quite well wich
the drawings and photographs. ‘

2 7 Heoon
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Figure 2 is a photogreph cof the HMMWV, and for comparison, Figures 3
through 7 ere line drawings of the HMMWV description created with GIFT's
PICTUR option.

III. CONCLUSIONS

The HMMWV has been described using methods of Combinatorial Geometry.
The description is compatible with the GIFT cocmputer code which has beer
developed to generate input deta for target vulnerability analyses. Based on
the comparison between the Combinatorial Geometry description of the vehicle
and the drawings and photographs upon which it is based, the Com-Geom deserip~
tion approximates the vehicle to a very acceptable degree. Within the con-
staints adopted, a great amount of detail has been included in this descrip~
tion with all critical and major masking components described. The completed
Com~Geom description of the vehicle nontains 588 solids and 533 regicns and
requires about 21181 words oI computer memory on a 60 bit word computer for
storage. The ComGeox description is available at the Ballistic Research
Laboratory.
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* LISTING OF THE COM-CEOM
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